Historically, the study of normal human breast function and breast disorders has been significantly impaired by limitations inherent to available model systems. Recent improvements in human breast epithelial cell lines and three-dimensional (3-D) 3 culture systems have contributed to the development of in vitro model systems that recapitulate differentiated epithelial cell phenotypes with remarkable fidelity. Molecular characterization of these human breast cell models has demonstrated that normal breast epithelial cell behavior is determined in part by the precise interplay that exists between a cell and its surrounding microenvironment. Recent functional studies of integrins in a human model system provide evidence to support the idea that the structural stability afforded by integrin-mediated cell-extracellular matrix interactions is an important determinant of normal cellular behavior, and that alterations in tissue structure can give rise to tumorigenic progression.
INTRODUCTION
tance of tissue microenvironment in the preservation of normal cell function. In particular, we focus on a number of recent studies performed in human breast In order to perform systematic analyses of complex biological problems, it is useful to develop tractacells illustrating that both the structural and biochemical cues provided by the tissue microenvironment play ble model systems that pare the subject in question down to its most essential components. In the past, this critical roles in the suppression of tumorigenic phenotypes. strategy involved the characterization of homogeneous cell populations propagated outside the body as monolayer cultures. Although this approach has been successful in elucidating certain universal principles of THE SIGNIFICANCE OF cell survival and growth, it has generally ignored the MICROENVIRONMENT IN VIVO AND IN fact that within an organism, each cell exists in the CULTURE MODELS context of a complex extracellular milieu, or microenvironment. In this brief review, we discuss the imporHow is a tissue microenvironment defined? In addition to soluble factors that are widely recognized for their role in growth control, microenvironments are the cellular behaviors appropriate for the tissue in quesSwarm (EHS) tumors supports differentiation of a variety of cell types, including hepatocytes (18±21), capiltion. Collectively, these extracellular cues influence intracellular programs of gene expression that, in turn, lary-forming endothelial cells (22±25), bone-formin g osteoclasts (26, 27) and epithelial cells from the kidney result in fundamental alterations in the composition of the microenvironment itself. This feedback mecha-(28). As we will describe later, EHS 3-D culture systems are particularly useful in recapitulating the differnism, described previously by the term ª dynamic reciprocityº (1) , is now considered to be intimately coupled entiated behavior of mammary gland epithelial cells. with the regulation of cellular differentiation, proliferation and survival (4±6). Therefore, in order to establish and maintain tissue-specific functions, cells residing THE USE OF 3-D MICROENVIRONMENTS IN THE STUDY OF NORMAL AND within a tissue must achieve a homeostatic steady state with their surrounding microenvironment. Destabiliza-ABERRANT MAMMARY GLAND FUNCTION tion of this steady state can induce normal behavioral changes, such as those that are observed during embryogenesis or during wound healing (7, 8) . AlternaUnlike most other cells, breast epithelial cells in adult females experience recurrent episodes of regutively, inappropriate alterations of cell-microenvironmental interplay can result in aberrant cellular lated growth, differentiation and apoptosis (5, 9, 29) . These specialized behaviors, most dramatically behavior, as is observed during tumor progression (9) .
In the last several decades, technological observed during cycles of pregnancy, lactation and involution, make the breast an excellent system in advances in cell culture methodologies have allowed us to begin to address the complexities inherent to which to study the mechanisms regulating cellular differentiation. Interest in breast cell function has also tissue-specific function at the cellular level. Before the significance of microenvironment was fully appreciintensified in response to a heightened awareness of human breast disorders, such as cancer. In fact, recent ated, cell culture systems were developed in the absence of added extracellular matrix components.
statistical reports show that breast cancer is the most common cancer among women in the Western world However, because cells grown in two-dimensional (2-D) monolayers bear only a limited phenotypic resemand that approximately 1 out of every 8 women will be diagnosed with breast cancer if she lives long blance to their in vivo counterparts, these models were largely inadequate for the study of more complicated enough (30, 31). These alarming statistics underscore the urgency of developing pertinent model systems to questions, such as the regulation of tissue specificity and the maintenance of normal tissue function.
use in addressing the molecular basis of human breast cancer progression. In response to the limitations inherent to 2-D models, cell culture strategies experienced a rebirth of Given the ethical concerns and technical limitations associated with using human subjects in biologisorts as many investigators, starting with Michaelopoulos and Pitot (10) and Emmerman and Pitelka (11), cal investigations, our understanding of the human breast draws significantly from studies performed in began to redefine their model cell systems in the context of appropriate three-dimensional (3-D) microenvimammary tissues of the mouse (see comparative scheme in Fig. 1 ). In both humans and mice, the mamronments. In many cases, these strategies involved culturing cells on gels composed of extracellular mary gland is a complex structure populated by a variety of cell types, including fibroblasts, adipocytes, matrix materials that were similar in composition to the matrix normally found associated with the cells in epithelial cells and cells of the vasculature (9, 29, 32) . Myoepithelial and luminal epithelial cells are the two vivo. Using this approach, many cell types were found to assume a more or less normal cellular architecture major types of epithelial cells in the mammary gland; together with components of the stroma they are and exhibit gene expression profiles that were reflective of an authentic differentiated phenotype (2, 12) . responsible for generating the network of branching ducts that are embedded in the fibrous collagen-rich For example, effective stratification of epidermal skin cells is reproduced in cultures supplemented with colstromal matrix of the gland. Luminal epithelial cells, which display a characteristic polarized morphology lagen I gel and other growth regulators (13) (14) (15) . Likewise, axon outgrowth of astrocytic cells is optimized in situ, form a continuous layer that constitutes the lining of each duct and alveolus. The basal surface of in a laminin-rich microenvironment (16, 17) . Another laminin-rich matrix derived from Englebreth Holm the luminal epithelial cell layer, in turn, is surrounded Fig. 1 . Modeling human breast function from studies of mouse mammary gland. As in humans, the mouse mammary tissue is comprised of multiple cell types, including luminal epithelial and myoepithelial cells, adipocytes, and stromal fibroblasts. Although mouse and human mammary tissue vary somewhat with respect to overall organization, the double-layered structure of the branching ducts and ductules is preserved in both organisms. In light of these fundamental similarities, it is not surprising that human and mouse epithelial cell types display similar behaviors in 3-D basement membrane (EHS) cultures: both cell types undergo morphogenesis to form spherical alveolar structures that are similar to acini in vivo. In effect, this observation bridges the gap between studies in human and mouse and thereby justifies the use of the mouse as a model of aspects of human breast function. Partially adapted from Rù nnov-Jessen et al. (9) .
by a discontinuous layer of myoepithelial cells and microenvironments. When grown as monolayers on rigid substrata, such as attached collagen I gels, luminal a thin laminin-rich basement membrane. Each ductal branch terminates in a group of small spherical lobules epithelial cells extracted from mouse mammary glands do not differentiate. However, once presented with a called acini or alveoli.
In order to understand the process of mammary physiologically relevant substratum, such as a lamininrich 3-D EHS gel or a floating collagen I gel, these gland differentiation in molecular detail, we and others have examined the behavior of mouse mammary episame cells aggregate, assume classical columnar morphologies, and assemble into 3-D structures that are thelial cells grown in culture, and have shown that differentiated mammary epithelial cell function can be highly reminiscent of alveolar structures in vivo (11, 33, 34) . Upon stimulation with lactogenic hormones, effectively reproduced in the context of 3-D culture cells found in these cultured acinar structures express thus far, including HMT-3522 (45), MCF-10A (46) , and HME50 (47) . Although these cell lines most likely milk-specific proteins that are vectorially secreted into the central lumen (3, 5, 35) . Collectively, these studies harbor genetic lesions that predispose them to cancerous behavior, they contain diploid chromosomal arrays demonstrate that the structural and biochemical cues afforded by the 3-D EHS matrix are necessary and and are nontumorigenic. Moreover, while HMT-3522 and MCF-10A cells fail to express the luminal cell sufficient to allow for the expression of a differentiated epithelial cell phenotype in culture (4, 5, 36) .
protein CK 19, they retain a number of characteristic luminal epithelial cell markers, including CK 18, sugGiven the striking similarities between mammary gland tissues from humans and mice, it was reasonable gesting that these cells exhibit a more or less ª normalº differentiated phenotype. HBL-100 cells are also often to predict that luminal epithelial cells derived from normal human breast would also display a differentiused as a ª normalº cellular control. However, detailed examinations indicate that these cells contain a near ated phenotype in 3-D cultures (see model in Fig.  1 ). Such a finding would be of critical importance in triploid chromosomal content, give rise to tumors in late passages in nude mice, and display elements of the establishing that observations made in the mouse system are likely to be of direct relevance to our undertransforming virus, SV40 (48, 49). Malignant human breast epithelial lines have been successfully generated standing of the biology of human breast function. Moreover, because the 3-D culture assay allows for by using extrinsic xenobiotic factors, such as oncogenic viruses (i.e., SV40, HPV 16, HPV 18)(9, 50, the expression of a cell' s differentiated phenotype, cells that fail to differentiate, as would be the case with 51), chemical agents such as benzo(a)pyrene and asbestos (44, 52) , and clinical doses of g -irradiation human breast malignancies, might also be clearly elucidated in this assay. Such an advance would be invalu-(53). These treatments can result in the production of human breast cell lines that exhibit immortalized able since phenotypic traits that are routinely used to distinguish visually between normal and malignant growth patterns and/or overtly malignant behaviors (9) . Equipped with a variety of human breast cell cells in vivo are masked in 2-D cultures. In fact, when grown in monolayers, normal cells are highly plastic types, from both primary and immortalized populations, the Petersen and Bissell laboratories performed and express many characteristics displayed by tumor cells in vivo (37, 38) . a series of experiments to classify the phenotypes of normal and cancerous human breast epithelial cells in Due to recent advances in cell isolation and culture techniques, a variety of human breast epithelial a 3-D basement membrane culture assay (38) . These studies showed that normal human mammary epithelial cells lines are now available for study in 3-D culture. The development of human luminal epithelial cell lines cells, whether from primary or spontaneously immortalized cell populations, were capable of adopting a has been of particular interest since the majority of breast cancers identified to date have apparently origidifferentiated phenotype in 3-D, EHS matrices ( Fig.  2 ). After 7±10 days in culture, normal cells became nated from luminal epithelial cell layers (9, 39, 40) . Although readily available from both breast reduction growth-arrested and formed spherical colonies that corresponded in size and cell number to freshly surgeries and milk fluids, human breast cells are notoriously difficult to grow and maintain outside of the explanted acini. Within each sphere, the component cells adopted classical polarized epithelial morphologbody (41±44). Primary human luminal epithelial cell cultures have been successfully cultured, but after only ies: the apical surfaces of the cells cooperated in the formation of a central lumen and cell nuclei assumed a a few passages these cells undergo replicative senscence. Primary cultures that do persist tend to be hetbasal position. As would be expected for a functionally differentiated mammary gland, sialomucin expression erogeneous and are prone to overgrowth by resident fibroblasts (45) . Given the difficulties of working with was restricted to the apical surfaces of the cells ( Fig.  2A) , whereas basement membrane deposition occurred primary cultures of normal breast cells, some investigators have concentrated on developing immortalized basally (Fig. 2C) . Milk protein production, another widely recognized indicator of mammary gland develbreast epithelial cell lines that display ª normalº phenotypes in culture. This approach has been hampered by opment, was not observed in 3-D EHS cultures of human cell lines such as HMT-3522 cells; this is not the fact that, unlike rodent cells, human cells rarely immortalize spontaneously (9, 44) . As a result, only surprising given the fact that HMT-3522 cells were derived from a resting mammary gland and therefore a few spontaneously immortalized human breast epithelial cell lines have been isolated and characterized lacked the hormonal and tissue-dependent cues neces- sary to prime and promote the lactating phenotype. brane assay has the capacity not only to distinguish between normal and overtly malignant breast cell pheMalignant human breast cells also displayed characteristic phenotypes in 3-D culture. Instead of forming notypes, but also to reveal subtle behavioral anomalies that may be characteristic of cells in the early stages organized acini, tumorigenic cells, whether from biopsy cultures or from established cell lines, formed of tumor progression. Furthermore, these findings suggest that the ability to sense basement membrane cell aggregates with large diameters and large numbers of cells (38) . Moreover, cells within these aggregates appropriately and to form 3-D organotypic structures may be the function of a novel class of ª suppressorº continued to proliferate and lacked polarity and an organized basement membrane ( Fig. 2B and 2D) .
genes that are lost as cells become malignant. The function of one tumor suppressor gene, called Remarkably, even subtle changes in breast epithelial cell behaviors can be detected in the context of the nm23-H1, that is dramatically reduced in aggressive breast carcinomas, has already been tested in the base-3-D EHS assay. For example, while HBL-100 cells (described earlier) formed sphere-like clusters and ment membrane assay. Previous studies showed that reexpression of nm23-H1 in the human breast carcideposited a type IV collagen-containing basement membrane, the cell clusters grown in 3-D did not expenoma cell line, MDA-MB-435, reduced the metastatic potential of the cells in vivo (54) . To examine the role rience the growth arrest that is characteristically observed with normal cells. Collectively, therefore, of nm23-H1 in breast epithelial cell differentiation and tumorigenic behavior further, the phenotypes of two these results demonstrate that the 3-D basement mem-human MDA-MB-435 breast carcinoma cell populagenerated to approximate the onset of cancer in the absence of exposure to xenobiotic factors ( Fig. 3) (45, tions, one of which had been mock transfected, and one of which had been transfected with a vector encoding 60). HMT-3522 cells were originally derived from a reduction mammoplasty from a woman who later nm23-H1, were assayed in 3-D EHS gels (55) . In contrast to the mock transfectants that displayed disorgaappeared to have had fibrocystic breast disease. At the time the culture was initiated, there was no detectable nized phenotypes in 3-D culture, the nm23-H1 overexpressing cells regained several aspects of a normalignancy in the explanted tissue. The HMT-3522 cell line, unlike other human mammary epithelial cells, mal cellular phenotype, including the formation of organized acinus-like spheres, basal deposition of basement was established from a purified luminal epithelial cell population and has been cultured over a period of 10 membrane and growth-arrest. These findings revealed for the first time that the nm23-H1 gene product funcyears (i.e., 500+ passages) in a chemically defined medium containing insulin, transferrin, epidermal tions in cells to preserve normal cell phenotype, perhaps by allowing cells to respond appropriately to the surgrowth factor (EGF), hydrocortisone, estradiol, prolactin and selenite (45) . This breast cell culture, which was rounding microenvironment.
initially very heterogeneous, gave rise to subsequent populations of cells that displayed a more or less uniform, polygonal shape. Every 10 passages, these cell
HUMAN BREAST CANCER PROGRESSION MODELS AND THE HMT-3522 SERIES
cultures, referred to in the literature as S-1, were karyotyped and tested for tumorigenic behavior in nude mice. No tumors were detected for any of the cell Functional comparisons between unpaired normal and tumorigenic cell types are limited by the possibility populations grown under these conditions, despite the fact that cells from later passages were notably aneuthat observed differences may be due to variability inherent to the individual cell types and not due to ploid (61) and carried a mutation in the p53 gene (62) . One characteristic feature of the HMT-3522-S-1 differences resulting from malignancy. Therefore, recent efforts have focused upon generating human cell series is that their growth is EGF-dependent. Because growth autonomy has been cited previously breast tumor progression models in which both nonmalignant or tumorigenic cells have been derived from a as a prerequisite for malignant conversion (63±65), Briand and coworkers reasoned that removal of EGF single cell lineage. For example, one recently reported progression series is comprised of four distinct breast from the HMT-3522 growth medium might induce their malignant transformation (60) . Therefore, S-1 tumor primary cell lines derived from the same patient, each of which corresponds to a discrete stage of maligcells from passage 118 were selected for growth in the absence of EGF. After a brief latent period, the nancy (56) . Using this cell series, Liu and colleagues demonstrated a loss in p53 expression resulting from EGF-free HMT-3522 cultures resumed growth, and gave rise to a series of cells referred to as HMT-3522-a frameshift mutation that occurred relatively early in the breast progression series (57) . Another human S-2 (or gt-1) (see Fig. 3 ). Initially, the behavior of the S-2 subline did not diverge significantly from that of breast cell model was generated by exposing normal breast epithelial cells in culture to clinical doses of gthe parental S-1 cell lines. However, after approximately 120 passages in EGF-free medium, these S-2 irradiation (53). Using this model, Liu and colleagues showed that g -irradiated cell populations assumed cells gave rise to tumors in nude mice. Characterization of the cells cultured from these mouse tumors, called tumorigenic phenotypes and that tumorigenic behavior correlated with the loss of p53, as well as transforma-HMT-3522-T 4-2 (or mt-1) cells, revealed that the onset of tumorigenicity coincided with the acquisition of an tion-depende nt down-regulation of NES-1, a novel protein with potential serine protease activity (58) . extra copy of the short arm of chromosome 7 (trisomy 7p), a cytogenetic defect that has been associated with Although acute exposures to environmental factors, such as radiation, may accelerate the onset of many solid tumors (66±68). Although all cell culture systems are prone to breast cancer disease, it is widely believed that, in many cases, breast cancer is induced by more subtle artifactural discrepancies, the HMT-3522 cell series was generated in the absence of any known exogenous changes, such as hormonal imbalances, that develop as an organism matures and ages (44, 51, 59) . Recently, transforming agents and therefore represents a useful model in which to study the cellular and molecular a human breast cancer progression series, originating from the HMT-3522 cell line mentioned above, was aspects of breast cancer progression. The interpretation One feature common to solid breast tumors in vivo is a notable disorganization of cellular architecture extensive period of time in culture; this slower progression is likely to be physiologically more relevant than (32, 40, 70) . Instead of displaying the polarized morphology that is typical of normal luminal epithelial xenobiotic-induced transformations, which give rise to full-blown tumors in a fraction of the time (51, 69) .
cells, cancerous cells are apolar, they exhibit disorganized cell-cell junctions and distorted cell nuclei, and For these reasons, the HMT-3522 progression series appeared to be a particularly useful and tractable model they fail to organize into ductal structures. It is widely appreciated that the integrity of epithelial cell shape system for use in evaluating the role of the tissue microenvironment in the multistep process of breast and tissue architecture depends upon the molecular systems that mediate cell-cell and cell-substratum tumor development.
interactions (71, 72) . Not surprisingly therefore, quali- (40, 70, 83±85) . For example, a 2 b 1 integrin has been shown to be reduced in many breast tumors that retain tative and quantitative changes in a number of adhesion molecules have been implicated in cancer progression a partial differentiated function while poorly differentiated tumors have been found to exhibit dramatically [reviewed in (40) ]. Integrin-dependent cell-substratum interactions in particular have been the focus of a reduced a 2b 1 integrin expression (85±87). In order to characterize further the causal relationnumber of recent investigations of human breast cancer progression.
ships between alterations in integrin expression and localization and breast cancer progression, an analysis Integrins comprise a family of over 20 heterodimeric transmembrane proteins, each of which contains of integrin function was performed using the HMT-3522 cancer progression model described earlier in both an a -and a b -subunit (73±75). Integrin heterodimers are displayed on the basolateral surfaces of conjunction with the 3-D basement membrane assay (82) . As would be expected for a normal breast epitheepithelial cells where they function as receptors for glycoproteins of the insoluble extracellular matrix, lial cell, HMT-3522-S-1 cells grown in 3-D EHS gels were able to form organized spherical structures resemsuch as laminin and collagen (6, 8, 72, 73) . While engaged by extracellular ligands, integrin receptors bling acini in vivo (Fig. 4A and 4D ) whereas tumorigenic HMT-3522-T4-2 cells continued growing into associate intracellularly with components of the filamentous cytoskeleton, thereby establishing cytomechlarge disordered aggregates and failed to undergo morphogenesis or polarize ( Fig. 4B and 4E ). Although both anical transmembrane linkages that influence overall cell shape. Integrin-matrix interactions also trigger S-1 and T4-2 cells displayed comparable qualitative integrin profiles, the integrins in these two cell types intracellular signaling cascades that are similar to those stimulated in response to growth factors (73, 74, 76, vary significantly with respect to expression levels and cellular distribution. Overall b 4 and b 1 integrin 77). Because of their dual significance in the maintenance of overall cell homeostasis, integrin receptors expression was higher in T4-2 cells than in S-1 cells; tumorigenic T4-2 cells also exhibited an inflated surhave become prime targets for study of the progression of cancer in human breast.
face ratio of b 1 to b 4 integrins. Integrin distribution, which was restricted to the basal or basolateral surfaces Normal human breast epithelial cells display characteristic integrin profiles. In human breast, at least of nonmalignant S-1 epithelial cells, is random and disorganized in the T4-2 tumor cells. two b -subunits, b 1 and b 4, are coexpressed along with 4 different a -subunits, a 1 , a 2 , a 3 and a 6 (6, 40, 70) .
To address the possibility that the observed increase in b 1 integrin levels was responsible for the These subunits pair to give rise to 4 a /b heterodimers, a 1 b 1 ,a 2 b 1 ,a 3 b 1 and a 6 b 4 all of which bind to the extratumorigenic behavior displayed by the T4-2 cells, experiments were performed in which b 1 integrin cellular matrix component, laminin; a 1b 1 and a 2b 1 also bind collagens (78) . While b 1-containing integrin inhibitory antibodies were used to attenuate b 1 integrin function. Remarkably, treatment of T4-2 cells with this heterodimers associate intracellularly with the actin cytoskeleton, a 6 b 4 associates with hemidesmosome antibody, or with its corresponding Fab fragments, resulted in a dramatic reversion of the malignant phestructures that link the plasma membrane with the intracellular intermediate filament network along the notype in 3-D EHS matrix cultures ( Fig. 4C and 4F ) (82) . Specifically, after 10 days in culture with the basolateral surface of the cell (6, 79) . a 6b 4 integrin expression is characteristically restricted to myoepitheantibody, T4-2 cells formed organized acini and growth was arrested. Within each acinus, cells assumed a ª norlial cells in vivo (80, 81) , however purified primary cultures of nonmalignant luminal epithelial cells and malº polarized morphology: they deposited an organized endogenous basement membrane, formed immortalized nonmalignant myoepithelial cell lines express significant levels of a 6b 4 integrins, which may normal cell-matrix and cell-cell junctions, reorganized their intracellular cytoskeletal networks and displayed facilitate their survival and their ability to express and organize an endogenous basement membrane, both of reduced tumorigenicity in nude mice. Moreover, overall integrin localization was restored. which contribute to the formation of 3-D structures in culture (82) . Although studies of integrin profiles of
The importance of integrins in breast tumor progression was additionally reinforced by the fact that breast cancer cells in vivo and in culture have been somewhat contradictory, it has been observed consisinhibition of a 6b 4 integrin function had dramatic effects on the morphogenic behavior of nonmalignant tently that malignancy is accompanied by qualitative and/or quantitative alterations in integrin expression S-1 cells in 3-D EHS matrix cultures (82) . When cul- tured with anti-b 4 or anti-a 6 integrin function-perin tumorigenesis in the human breast. However by demonstrating that, given the appropriate structural turbing antibodies, S-1 cells failed to undergo morphogenesi s and form organized acinar structures, cues, T4-2 cells, which harbor a number of prominent chromosomal abnormalities, display normal cellular but instead assembled into large continuously growing disorganized aggregates, similar to those observed with behavior while nonmalignant S-1 cells can be forced to behave like tumor cells, these results support the the T4-2 tumor colonies. A role for the a 6b 4 integrin in mammary epithelial cell morphogenesi s has also much broader interpretation that tissue structure can influence cellular behavior and thus the tissue phenobeen reported by Stahl and colleagues (88). Thus the a 6 b 4 integrin pathway can influence both morphogenetype may be construed as the ultimate determinant of genotypic expression. Interestingly, Deng and colsis and growth regulation in mammary epithelial cells.
Minimally, these results demonstrate that the misleagues recently demonstrated that, although breast cells found adjacent to neoplastic breast lesions in situ regulation of cellular integrins may play a causal role displayed normal cellular morphologies, these cells reaction to neoplasia, is due in part to the conversion of resident fibroblasts (69) . Based on these results, it often harbored chromosomal rearrangements (i.e., loss of heterozygosity; LOH), some of which were also is reasonable to predict that similar co-culture manipulations performed with normal cell types could be used found in the adjacent tumor (89 and overtly malignant breast cell phenotypes as well as phenotypic intermediates that may be reflective of cell type is an island. Rather within a tissue, many different cell types contribute to the overall character discrete stages in breast cancer progression. Functional assays in these human breast cell systems have of the microenvironment. Therefore, the challenge facing us now is to take the design of microenvironment revealed the importance of integrin-dependent signaling and tissue structure in suppressing a tumorigenic one step further and incorporate multiple cell types into a single model system. This type of approach will phenotype. In light of these findings, it remains to be determined whether other anomalous cellular behavbe essential, not only for understanding the dynamic interplay that normally exists between different cells iors, such as senescence, may also be directly attributable to alterations in structural cues from the of the breast, but also for understanding aberrant behaviors associated with invasive breast cancer.
microenvironment. The fact that stromal components of many tissues, including the breast, experience timeTowards this end, it has already been demonstrated that tumor cells grown alone in type I collagen matrices dependent changes makes this an attractive hypothesis for future consideration. form noninvasive spheres, but that co-culture of the same tumor cells with a complex stromal cell population results in cultured lesions that look like invasive tumors in situ (9, 69) . Moreover, this co-culture strat-ACKNOWLEDGMENTS egy has allowed us to understand that the appearance of myofibroblasts in the stroma of the breast, a general 
